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3rd QUARTERLY PROGRESS REPORT

Overall Progress

During the last quarterly period the second phase of the contract, that of
determining the influences and limitations of the four properties,found in the
first phase to have the most significant effect upon the surface recession of
silica cloth/phenolic resin, graphite cloth/phenolic resin and graphite cloth/epoxy
resin materials, was completed. 1In addition, nearly all of the detailed numerical
calculations for the evaluation of the material performance for Phase LII have
been completed. The completion of this' calculation was delayed until after the
March 10 meeting with the NASA Lewis Research center Project Manager since there
were some questions concerning the method of calculating the surface recession of the
silica cloth/phenolic resin material. The approach being used to predict the reces-
sion rate is one in which the surface temperature is allowed to reach a maximumvalue
equal to the melting temperature of the silica material. After which melting will
take place until the received heat flux at the surface drops below the thermal rad-
iation value corresponding to the melt temperature. During‘the melting process the
amount of thermal energy absorbed per pound of material melted is equal to the latent
heat of fusion of silica. This approach of predicting the surface recession of
silica cloth has been verified by a number of ground tests.

The primary objective of thehase II study was to determine the variation in
thermal properties resulting from processing and fabrication techniques --- namely,
due to changes in lamination angle, resin contact, density, and lot-to-lot variation
--- upon silica cloth/phenolic resin, graphite cloth/phenolic resin, and graphite
cloth/epoxy resin materials. The effort was primarily accomplished by conducting
an extensive literature search of existing data, generated by both government and in-
dustry sponsored efforts.

Certain prominent trends and peculiarities are discernible from the variations
in thermal conductivity and specific heat coefficients due to changes in the above
mentioned parameters shown in figures 1 through 4. Figure 3 illustrates that in
general, an increase in the resin content of the graphite-phenolic laminates,
keeping lamination angle constant, decreased the thermal conductivity. For example,
an increase in resin from 30 percent to 50 percent (which corresponds to an
decrease in density) decreased the "C" (across lamina ) and "A" (with lamina)
direction (see Figure 10) conductivities by 40 percent and 25 percent, respectively
Thic obeervation wac nnred hy C. D. Pears in reference 12. Table 3 identifies
the data plotted in figure 3 with respect to lamination angle, resin content, density
and source of information. This dependence of thermal conductivity upon changes in
resin content (or density) may well explain the scatter obtained on specimens
machined within a given panel since the resin conterit can vary significantly within
the panel.

The above correlation between conductivity and resin content (or density) is
not noticeable with silica phenolic (figure 1). In fact there is no trend whatsoéver.
It can therefore be concluded that other masked variables influence the conductivity
of silic¢a-phenolic.Although there is considerable knowledge in fabrication methods,
test methods and standards vary with vendors, thereby necessitating a standard
method of determining resin content more accuratety.
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Figures 2 and 4 show hardly any variation in specific heat for silica-phenolic
or graphite phenolic, respectively.

The wide spread in density for silica-phenolic was much narrower for graphite-
phenolic --- + 15 LB/FT3 vs. s SLB/FT3. This is because the controls on fabricating,
impregnating, and laminating the graphite web are much more critical than the
equivalent controls in processing the silica web (reference 13).

Based on the data presented in figures 1 through 4, nominal values for the
thermal conductivity and specific heat coefficients of the subject materials are shown
with a tolerance band in figures 5 through 9.

The available thermal data on graphite-epoxy is quite limited. Therefore,
the nominal values of thermal conductivity and specific heat are based on previous
experiences with this material, which is the reason for assuming that the conduct-
ivity and specific heat of graphite-epoxy are the same as that of graphite-phenolic
with one exception (reference 9). It can be seen from figures 7 and 9 that this
exception is in the region of partial decomposition, i.e. where the virgin and
charred portions of the curve are connected. Here the thermal conductivity of
graphite-epoxy has a steeper slope than that of graphite-phenolic. This is because
the epoxy resin decomposes at approximately 600°F, losing about 807% of its initial
weight at 800°F. The region of decomposition of the phenolic resin on the other
hand, extends over a wider temperature range and decomposes at approximately 700°F
losing about 47% of its initial weight at 1200°F.

Conclusions:
As a result of this study, the following conclusions were observed:

(1) Tolerances of + 50%, + 80%, + 807 are assigned to thermal conductivity
data on silica phenolic, graphite phenolic, and graphite epoxy, respectively.

(2) Tolerances of + 15%, + 20%, : 207 are a

L are ned to specific heat data
on silica phenolic, graphite phenolic, and gra

ssigr
phite epoxy, respectively.

(3) Thermal conductivity of the materials in this study are more dependent
upon lamination angle than on the resin or fiber content.

(4) Orientation angle does not affect specific heat coefficients.
(5) Kesin content does nui siguirficantly alter cpecific heat cnefficients.
(6) Lot-to-lot variation of thermal parameters masks out any property

interrelationship.

(7) Silica phenolic has the lowest thermal conductivity and specific heat
coefficients.
(8) Heat flows more easily along the warp direction than along the fill or

thickness direction, thereby explaining the 227% difference in thermal conduct-
ivity of graphite phenolic specimens of identical composition in the warp
and thickness direction.



Based on the conclusions of the Phase Il investigation that the variations of
the thermal parameters (densities, specific heat and thermal conductivities) are more
dependent on lamination angles than on the resin or fiber content. The parameters
found to have a major effect on the surface recession rate, such as melting temperature
of the silica fibers and the suirface reaction constants of the carbonaceous char,
are independent of the char or virgin plastic densities, thermal conductivity, or
activation energy. The activation energy is only a function of the resin material
and not dependent on the other parameters of interest. Therefore, it appears
that each of the properties under consideration within Phase 111 of this contract is
independent of the others. The material performance during Phase I1I was calculated,
allowing each of the properties given in Tables 5, 6 and 7 to vary over their
entire range. The remaining properties required for the analytical evaluation of the
ablation performance are tabulated in Table 8

Work to be Performed Next Month

The steady state surface recession rates of each of the materials under invest-
igation will be plotted as a functionof the four parameters. The possibility of pres-
enting the final information in the form of a nomograph will be investigated.

Current Problems

No problems have been encountered to data.



11 - R B PR Co€l
o1 " 88 oz eutwey ssody | 71
o1 88 0z euuer ssoxoy | 11
o1 801 o€ vutue ssoxy | o1
1 601 1€ sutuey sso1oy | 6
o1 211 ot BUTWET $501y m 8
1 _ 011 o€ BUTWET $S0IDY m L
o1 901 o€ BUTWET SS0IDy m 9
!
o1 88 oz eutwer Wit S
M
o1 801 o€ vatwer wamn |
01 Z11 o€ BUTWET Y3 M W €
o1 ! 88 0z sutwer with | 2
o1 901 ot BUTWET Y3 TN T 1
(sedumIazay 233) M (¢14/8T) %)
"ON "49¥ I0¥N0S | INAINOD INIWIUNS VAR "ON “ON
AUV ALISNAA NTSTY 40 NOLID®YIO | 3A¥AD | 3¥NOTA
ALTATIO0GNOD TVWdAHI -~~~ NIS3Y OTTONGHA/AIOTD Vo111s - 1 19EL



11°6 --- -- L
o1 88 o¢ 9
1 ot11 0¢ S
1 601 1¢ Vs
ot 901 )3 €
81 701 -- Jeey O13tnadg z
01 48! (013 1993Fy 30N s$920( 1 4
(S92°Ula933Y 99%) (%)
"ON "AFY IDYUNOS (¢ld/41) INHINOD INIWIENS VAW
MYNLVYALTIT ALISNAQ NISHY J0 NOIIOZENIQ "ON FANND ON 3¥NO14
IVHH DI41D3dS ---- NISHY¥ DITONAHA/HIOTD VOITIS --- T °IqelL



Z 9L S. e 81
Sl oL L R e L1
21 ---- 0S BUTWET SSO0IDY 91
01 o] o7 BUTWE] SSO01dy Q1
01 mw OG BUTWET] mmOhU< JH
01 06 0t BUTWET SSOIDY €1
1 76 9¢ BUTWET SS0JOY Z1
01 06 o€ eUTWE] SSO:0Y 11
1 G €6 G 7+6C BUTWE] $SO.0Y 01
rA ---- Om .NC..HEMJ mwo..ﬁoxw 6
1 $'€6 G Z¥67 BUTWE] SSO.IJY 8
1 G€6 G Z+62 BUTWET SSOIDY L
21 ---- 0S rBUTWET Y3IIM 9
1 26 9¢ BUTWET YITM g
1 26 9¢ eUTWET UITM %
71 - o€ BUTWET UIIM £
1 G €6 G T+6¢ BUTWRT] Y2 TN [4
z1 ---- o]3 BUTWET 1[I TM 1 12
(S9ous1233y 8939) (1d/97) (%)
"ON "d3¥ dD¥N0S INZINOD INIWAYNS VAR
FUNIVIALTT ALISNIA NISHY J0 NOTIDA¥IA "ON IA¥ND "ON T¥NO1d

ALIATIONANOD TVWYHHI ----- NISEY DITONIHA/HIOTO ALIHAVED - € dT9VI



€ L8 -- L

L1 -- -- 9

01 68 0% 9

1 z6 9¢€ Y

.01 06 o€ €

01 98 0S jeay 213:dadg z

01 L8 0% 39933y 3Jou saoq 1 Vi
(sedusiazay 99s) (¢14/97T) (%)
"ON *J3¥ FD¥N0S INAINOD INIWNAY IS VAN

TYNLVIALLT ALISNAQ NISTY A0 NOTIILDA¥IA *ON FA¥ND "ON T¥N91A

JIVdH DI4103dS - NISTY¥ DITONEHd/HIOTD HIIHAWVYD - % HTIVL



(-33/41)
mw %uﬂmcmo owummam ckuH>

S6 06
[ @an81g @95 (235 3533/1M39)
’ 2 A3TATIONpPUO) TERWILYYT,
(33F/91)
Z8 9L 0L %uwmcmo 1eun
. 4
o1=% LL°6=Cy 2=5y 2y pue Ty
oooz1="y ovzy- 1y 000T="3 S3UBJSUO) UOTIDEBIY 9dBIIANG
UNWTXER TeuTwoN WNWIUTR
IONVY A1¥Hd0¥d
NIST¥ DTTONAHA/HIOTO ALTHAVYD ¥0Ad STTLYIJOUd INVITANOIS ¥0d NOILVIYVA ALYdAd0dd - 9 219=L
0096 L 0098% 0091¢ A81suyg UOTIBATIOY
(do91/039)
g 2ian81g @sg (P110S) 1®ay 213108dg
(¢33/91)
811 £01 88 K31susg DIISerg UuIdaip
(4,) $312q1g Surdioguray
000Y 00S¢ 000€ Jo sanjeasadwa] Suilrel
WNWIXey TBUTWON WNWTUTY
FONVY ALYHI0Yd

NISEY OTTONIHA/HIOTO VOITIS ¥Od SAIIYAJO¥d INVOIJIINOIS ¥OA NOIIVIUVA AIYAI0¥d - S dT1qEl



S6

9,
01=%%

1
000Z1="Y

WNWTX B

06 S8

g 2an81g @99

oL 49

Le0s=%y =0

onzy="Ty 0021="y
TONVY

Amuw\nav
A31susap ot13sSeyg urSatp

(45298 33F/M3aD
A311AT30ONpUOC) TeBWISBYT

(¢33/91)
A31sueq aey)

Cy pue ly
$1UB3ISUO) UOQNDBIY 9OBIIANG

A1¥3d0o¥d

NISHY AXOdd/HIOTO AILTHAVYD ¥0A SHTILYAAOUd INVOIAINOIS ¥OJ NOILVI¥VA AIYAJO¥d - L °PIqEL




Table 8 - NOMINAL PROPERTY VALUES FOR REKAP ANALYSIS

PROPERTY

Heat of Gasification
(BTU/1b)

Collision Frequency
(1/sec)

Activation Energy
(Btu/1b)

Melting Temperature of
Fibers (°R)

Heat of Vaporization of
Reinforcing Fibers
(Btu/1b)

Wall Emissivity
Recovery Temperature
(°R)
a) N20,/Aerozine 50
b) 0F2/BZH6

Film Coefficient
(Btu/ftzsecoR)
a) 1.2 in. dia. Throat
b} 7.82 in.dia. Throat
Specific Heat of =
Ablation Gases

(Btu/1b®R)

Molecular Weight of
Ablation Gases

Virgin Plastic Density
(1b/£t3)

Char Density (1b/ft3)

Thermal Conductivity
(Btu/ft sec®F)

Specific Heat (Btu/1lb)

Order of Reaction

SILICA CLOTH/
PHENOLIC RESIN

550

3 x 104

Table 5

Table 5

71

.65

4500

.294

.22

.75

30

Table 5

92

Figure 5

Table 5

GRAPHITE CLOTH/
PHENOLIC RESIN

550

3 x 104
48600
Table 6
Table 6
.8

5000
425

.75

30

Table 6
Table 6
Table 6
Figure 8
2

GRAPHITE CLOTH/
EPOXY RESIN

550

3 x 104

37500

Table 7

Table 7

5000

.425

.75

30

Table 7

Table 7

Table 7

Figure 8
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